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Summary
Introduction.— The long-term effects of surgical treatment for aortic narrowing in left ven-
tricular (LV) remodelling have been well described. The immediate beneﬁt after release of
obstruction is unknown.
Method and results.— Nineteen patients with signiﬁcant and symptomatic aortic stenosis
underwent transcutaneous implantation of an aortic valve. A conventional and tissue Doppler
echocardiography was performed 48 hours before and 24 hours after the procedure. Apart from
the dimensions, LV function and aortic haemodynamics, we measured systolic and diastolic
myocardial velocities and systolic strain. The procedure resulted in a decrease to the mean
transaortic gradient (from 43± 13 to 10± 3mmHg, p = 0.001), an increase of the aortic surface
2area (from 0.6± 0.1 to 1.7± 0.1 cm , p = 0.001) and a reduction in the systolic LV volume (62± 27
to 48± 22, p = 0.04). We observed an improvement in the systolic radial and longitudinal strain
of the posterior wall (p < 0.05), septal wall (p < 0.05) and lateral wall (p < 0.05). Improvement in
systolic velocities on these walls and the inferior wall (p < 0.01) was also recorded. The regional
diastolic velocity was signiﬁcantly better on the posterior (p < 0.05) and septal (p < 0.05) walls.
∗ Corresponding author. Fax: + 33 0 2 32 88 82 74.
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Conclusion.— The immediate drop in the transaortic gradient resulted in an improvement in
myocardial velocities and strain, a sign of improvement in the regional systolic and diastolic
regional function.
© 2009 Elsevier Masson SAS. All rights reserved.
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Résumé
Introduction.— Les effets à long terme du traitement chirurgical du rétrécissement aortique
sur le remodelage ventriculaire gauche (VG) sont bien décrits. Le bénéﬁce immédiat revenant
à la levée de l’obstacle est inconnu.
Méthode et résultats.— Dix-neuf patients porteurs d’un rétrécissement aortique serré et
symptomatique ont bénéﬁcié de l’implantation d’une valve aortique par voie transcutanée.
Une échographie cardiaque conventionnelle et doppler tissulaire a été réalisée 48 heures
avant et 24 heures après la procédure. En dehors des dimensions, de la fonction VG et de
l’hémodynamique aortique, nous avons mesuré les vitesses de déplacement et la déforma-
tion radiale et longitudinale systolique. La procédure s’est accompagnée d’une diminution du
gradient moyen transaortique (de 43± 13 à 10± 3mmHg, p = 0,001), d’une augmentation de
la surface aortique (de 0,6± 0,1 à 1,7± 0,1 cm2, p = 0,001) et d’une réduction du volume VG
en systole (62± 27 à 48± 22, p = 0,04). Nous avons retrouvé une amélioration de la déforma-
tion radiale et longitudinale en systole de la paroi postérieure (p < 0,05), septale (p < 0,05) et
latérale (p < 0,05). L’amélioration des vitesses de déplacement systolique était enregistrée sur
ces parois ainsi que sur la paroi inférieure (p < 0,01). La fonction diastolique régionale était
signiﬁcativement meilleure sur les parois postérieure (p < 0,05) et septale (p < 0,05).
Conclusion.— La baisse immédiate du gradient transaortique s’accompagne d’une améliora-
tion des vitesses et de la déformation myocardique, témoin d’une amélioration de la fonction
lique
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ntroduction
ortic stenosis in adults has become the most common valvu-
opathy in the western world, mainly due to ageing of the
opulation.
Left ventricular (LV) remodelling during aortic stenosis
radually leads to myocardial hypertrophy by cellular hyper-
rophy and collagen hyperplasia of the cellular matrix before
ystolic dysfunction occurs [1,2].
While conventional imaging tools are capable of easily
dentifying hypertrophy and altered LV ejection fraction,
ew are able to detect early remodelling of cardiomy-
pathies. They are tissue Doppler for subclinical contractile
ysfunction and ‘‘integrated backscatter’’ for myocardial
brosis. Both proved to be pathological in aortic steno-
is [3,4]. In these works, tissue Doppler imaging was
uperior to any conventional ultrasound parameters, and
etection of preclinical displacement or deformation abnor-
alities of movement was possible even if the LV EF was
reserved.
To investigate acute change of global and regional LV
unction after overload release, both transcutaneous aor-
ic valvuloplasty and aortic valve implantation by cardiac
atheterisation are good models [5], while aortic valve
urgery is less appropriate due to the counfounding fac-
ors inﬂuencing LV function, such as myocardial protection,
xtracorporeal circulation and the use of catecholamines.In this work we seek to evaluate LV remodelling before
nd after transcutaneous aortic valve implantation using
issue Doppler imaging, assuming its superiority to detect
ubclinical changes in segmental myocardial function com-
ared to conventional ultrasound. By analyzing tissue
l
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s droits réservés.
oppler imaging 24 hours after the procedure, we wanted
o evaluate the role of the Frank-Starling relationship.
ethod
ll patients received written information and gave their
ritten consent before participation in the study and the
rotocol was approved by the CCPPRB.
opulation
ineteen patients with an average age of 81± 7 year (from
2 to 92 years) and symptomatic aortic stenosis despite
ptimum medical treatment underwent implantation of the
ribier-Edwards percutaneous aortic valve. Inclusion and
xclusion criteria were previously reported [5]. Vascular
isease that precluded access, severe deformation of the
hest, intracardiac thrombus, unprotected stenosis of the
eft main coronary artery not amenable to percutaneous
ntervention, myocardial infarction (MI) within 7 days, pros-
hetic heart valves, active infection, leukopenia (< 3000
hite blood cells/mm3), coagulopathy, active bleeding, or
cute anaemia (haemoglobin < 9mg/dl) accounted for exclu-
ion. Patients that could not be fully dilated with a 23mm
ortic valvuloplasty balloon (notable waist) and patients
ith a native aortic valve annulus size greater than 24mm oress than 19mm were also excluded. All patients underwent
coronary angiogram before 1week before implantation.
f the 19 patients, fourteen had an ischemic heart disease,
evascularized if necessary, leaving ﬁve patients with a scar
nfarction (three anterior and two posterior infarction). Five
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patients had no signiﬁcant coronary lesions. Implantation
of the valve took place under local anaesthesia. Implanta-
tion of a percutaneous aortic valve was always preceded by
an aortic valvuloplasty. The procedure was anterograde (or
transseptal) in 17 cases and was retrograde in two cases.
A cardiac electrostimulation probe was also inserted. The
aortic prosthesis was inserted and advanced on a guide wire
into the stenotic native valve. Once optimal positioning was
achieved, the artiﬁcial valve was deployed by inﬂating a
23mm balloon around which the valve was crimped, while
pacing the right ventricle at a rate around 220 beats per
minute to ensure stability of the entire balloon catheter and
artiﬁcial valve system during inﬂation.
Ultrasound protocol
Ultrasound analysis was performed within 48 hours before
inclusion of the patient and 24 hours after implantation of
the valve. The ultrasound acquisition was performed on a
General Electric ViVid7 equipped with a 1.7/3.4MHz probe
and receiving the second harmonic. The electrocardio-
gram was systematically dysplayed during ultrasound images
acquisition. Dataset was recorded on a magneto-optical
disk for ofﬂine analysis. The parasternal long-axis, apical
four-chamber and ﬁve-chamber views were interrogated
by M-mode, pulsed-wave Doppler and continuous-wave
Doppler. Three additional tissue Doppler cardiac loops were
acquired in the parasternal short-axis at papillary muscle
level and in apical four- and two chamber views. The sample
volume size for tissue Doppler interrogation was adjusted to
2mm to avoid extra-anatomical information particularly in
S
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Table 1 Demographic, aortic and conventional ultrasound d
valve.
Pre implantation
Heart rate (beat/min) 73 ± 11
Syst blood pressure (mmHg) 112 ± 10
Aortic surface area (cm2) 0.6 ± 0.1
Maximum G (mmHg) 76 ± 16
Mean G (mmHg) 43 ± 13
IVSd (mm) 10 ± 2
LVED (mm) 53 ± 9
LVES (mm) 40 ± 10
LVPWd (mm) 10 ± 2
Teicholz EF (%) 48 ± 16
FS (%) 25 ± 10
LV systolic vol. (ml) 62 ± 27
LV diastolic vol. (ml) 114 ± 34
Simpson EF (%) 47 ± 16
E wave (m/s) 1.3 ± 0.3
A wave (m/s) 0.4 ± 0.2
E/A 3.9 ± 1.9
DT (ms) 143 ± 25
Flow (L/min) 4.6 ± 1.3
S: systolic velocity; E: early diastolic velocity; A: late diastolic velocity
end-diastolic diameter; LVES: left ventricular end-systolic diameter;
fraction; FS: fractional shortening; DT: deceleration time.aortic valve 313
he parasternal short-axis view while preserving the quality
f Doppler signal.
ltrasound parameters
ach ultrasound parameter was averaged from three to ﬁve
ardiac cycles. We measured LV systolic and diastolic diame-
er, ejection fraction, LV diastolic thickness, the transmitral
eak early-diastolic velocity (E-wave), the transmitral peak
ate-diastolic velocity (A-wave), E-wave/A-wave ratio, the
ransmitral E-wave deceleration time, the cardiac ouptut,
he aortic valve area from the continuity equation, the
ransaortic peak and mean pressure gradient (G max and
mean, respectively) from the Bernoulli’s equation and
he systolic pulmonary artery pressure (SPAP, the right atrial
ressure was arbitrarily set at 10mmHg).
In tissue Doppler imaging modality, the sample volume
as placed within the posterior and the anterior wall in
arasternal short-axis view and within the middle portion of
he septal, lateral, anterior and posterior wall in the apical
indow. We measured the peak systolic velocity S, the peak
arly diastolic velocity E, the peak late diastolic velocity A,
he peak strain rate imaging SRI and the peak systolic strain
I. Speciﬁcally, the peak systolic strain was measured during
r after aortic valve closure. When two peaks were visible,
nly the closest to aortic valve closure was measured.tatistics
ll data were expressed as mean± S.D. Given the amount of
arameters, we did not test for normal distribution but com-
ata before and after implantation of the transcutaneous
Post implantation p
91 ± 24 0.34
124 ± 11 0.14
1.7 ± 0.1 2.10-12
22 ± 6 1.10-7
10 ± 3 2.10-6
10 ± 2 0.83
46 ± 14 0.28
36 ± 9 0.45
10 ± 1 0.70
57 ± 11 0.14
31 ± 8 0.09
48 ± 22 0.04
90 ± 38 0.34
52 ± 10 0.29
1.1 ± 0.3 0.66
1.0 ± 0.5 0.10
1.4 ± 0.8 0.14
224 ± 84 0.22
5.6 ± 1.2 0.11
; IVSd: inter-ventricular septum in diastole; LVED: left ventricular
LVPWd: left ventricular posterior wall in diastole; EF: ejection
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Table 2 Velocities and strain of the anterior and posterior walls in the parasternal short-axis view.
Parasternal short-axis view
Posterior wall Anterior wall
Before After p Before After p
Peak S (cm/s) 3,1 ± 1,8 4,9 ± 2.0 0.03 2,1 ± 1.0 2,8 ± 1,5 0.25
Peak E (cm/s) 3,3 ± 2,2 4.0 ± 2,6 0.39 1,8 ± 1,5 2,5 ± 1,1 0.16
Peak A (cm/s) 2,3 ± 1,4 3,3 ± 2.0 0.03 2,4 ± 1,7 2,0 ± 1,5 0.49
Peak SRI (/s) 1,3 ± 0,6 1,9 ± 0,6 0.005 0,9 ± 0,5 1,6 ± 0,6 0.0001
Peak SI (%) 15 ± 10 24 ± 14 0.0002 10,2 ± 5,7 18,1 ± 7,3 0.0001
SRI: strain rate imaging; SI: strain; S: systolic velocity; E: early diastolic velocity; A: late diastolic velocity.
Table 3 Velocities and strain of the septal and lateral wall in the apical four-chamber view.
Apical four-chamber view
Septal wall Lateral wall
Before After p Before After p
Peak S (cm/s) 2,3 ± 0,8 2,9 ± 1,2 0.01 2,1 ± 0,9 3,2 ± 1,2 0.02
Peak E (cm/s) 1,7 ± 0,9 2,6 ± 1,3 0.03 1,7 ± 1,0 2,2 ± 1,5 0.36
Peak A (cm/s) 3,4 ± 2,3 4,5 ± 2,6 0.02 2,0 ± 1,0 2,3 ± 1,5 0.64
Peak SRI (/s) 1,4 ± 0,8 3,7 ± 2,8 0.02 0,7 ± 1,0 1,3 ± 0,6 0.04
Peak SI (%) 15 ± 11 29 ± 13 0.001 8 ± 2 15 ± 6 0.003
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tSRI: strain rate imaging; SI: strain; S: systolic velocity; E: early di
arisons were made by Wilcoxon test with Bonferroni correc-
ion. Both inter- and intraobserver variabilities were anal-
sed using Wilcoxon’s test. We used StatView (SAS Institute
orporation, Version 5.0). Signiﬁcance was set at p < 0.05.
esults
opulationll patients were in NYHA functional class IV and two were
n cardiogenic shock. Before procedure, aortic valve area
veraged 0.6± 0.1 cm2. The aortic peak pressure gradient
as 76± 16 mmHg and the aortic mean pressure gradient
as 43± 13mmHg.
T
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Table 4 Velocities and strain of the anterior and inferior wal
Apical two-chamber view
Anterior wall
Before After
Peak S (cm/s) 1,2 ± 0,8 3,0 ± 1,9
Peak E (cm/s) 0,8 ± 0,7 1,3 ± 0,9
Peak A (cm/s) 2,0 ± 1,7 2,9 ± 1,9
Peak SRI (/s) 0,8 ± 0,3 1,3 ± 1,0
Peak SI (%) 11 ± 4 13 ± 4,6
SRI: strain rate imaging; SI: strain; S: systolic velocity; E: early diastolic velocity; A: late diastolic velocity.
onventional echocardiographic parameters
fter implantation
fter the procedure aortic peak and mean pressure gradient
ecreased signiﬁcantly while aortic valve area was statisti-
ally enlarged (Table 1). LV diameters tended to decrease
fter the procedure but only the end-diastolic volume was
igniﬁcantly reduced. Ejection fraction was unchanged after
he implantation (Table 1).issue Doppler imaging parameters after
mplantation
he reproducibility of conventional echocardiography has
ot been tested (same operator). Intraobserver variability
l in the apical two-chamber view.
Inferior wall
p Before After p
0.01 2,3 ± 1,4 3,3 ± 0,9 0.01
0.23 2,0 ± 1,1 2,6 ± 1,3 0.36
0.11 4,8 ± 1,6 4,2 ± 2,5 0.69
0.09 1,4 ± 1,0 1,2 ± 0,6 0.81
0.19 10 ± 3 13 ± 5 0.04
ic velocity; A: late diastolic velocity.
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Figure 1. The ﬁgure illustrates the myocardial velocities (top), the strain (middle), and the strain integral (bottom) before (left images)
and after (right images) implantation of a transcutaneous aortic valve. There is an increase to all ultrasound parameters after the procedure
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oin this example.
was 4± 3% for velocities and 6± 6% for the strain. Interob-
server variability was 5± 3% for velocities and 10± 9% for
the strain.
While there was no change in EF after implantation
of the transcutaneous aortic valve, both systolic and end-
diastolic peak velocities were signiﬁcantly increased in the
posterior wall after the procedure (Table 2) in short-axis
view, while peak early diastolic velocity tended to increase
without however reaching a statistically signiﬁcant value.
Similarly, both peak SRI and SI were statistically improved.
Fig. 1 showed improvement in posterior wall peak velocities
v
t
v
f
ond strain. Aortic valve implantation enhanced anterior wall
eak SRI and SI but did not modify peak velocities.
In the apical four-chamber view, both systolic and dias-
olic velocities were signiﬁcantly improved in the septum
t 24 hours follow-up (Table 3), while no changes were
bserved in the anterior wall. Furthermore, the beneﬁt of
alve implantation in the inferior and lateral wall concerned
he peak systolic velocity with no effect on the peak diastolic
elocity (Table 4). Improvement of SRI and SI was not uni-
orm. A statistical increase in the strain was only observed
n the septal and lateral wall.
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iscussion
eft ventricular remodelling and aortic
arrowing
V remodelling is the process by which the myocardium
dapts in response to a stress. In case of aortic stenosis,
he remodelling trigger is the gradual increase in pari-
tal pressure secondary to afterload rise. A number of
aemodynamic, endothelial and neurohormonal changes
re activated. Both activation of the renin-angiotensin-
ldosterone and sympathetic systems has been implicated
n histological modiﬁcation [6]. Myocytes and nuclei hyper-
rophy, ﬁbroblasts proliferation occur at early stage.
acroscopically, this is characterized by anatomical hyper-
rophy which is said to be initially compensatory. This
issue remodelling leads to isolated abnormal relaxation
hat is slightly or not symptomatic. Although systolic func-
ion throughout EF measurement is apparently normal,
issue Doppler imaging demonstrates abnormal velocities
nd strain at this pre-clinical stage. In patients with aor-
ic stenosis and normal EF, Bruch et al. showed signiﬁcant
eduction in the longitudinal systolic and early diastolic
elocities compared with control subjects [7]. Similarly,
owalski et al. reported a deterioration in the radial and
ongitudinal strain proportional to the severity of the aortic
alve area [4].
At a more advanced stage of the disease, histologi-
al abnormalities are more severe with cardiomyocytes
eath and apoptosis replaced by ﬁbrosis that creates a
ypical disarray [8,9]. This phenomenon is accelerated by
apillary rarefaction and coronary hypoperfusion [10]. Func-
ionally, relaxation abnormalities are completed by altered
V compliance and shortly by systolic dysfunction. The com-
ensatory hypertrophy becomes deleterious and patients
urn symptomatic. LV dilation is then easily characterized by
wo-dimensional echocardiography or ventricular angiogra-
hy. Outcome without treatment results in a severe global
nd symptomatic systolic dysfunction leading to patient
eath unless the valve is replaced.
eversibility of left ventricular remodelling in
ortic narrowing
n the experimental level, aortic stenosis activates genes
xpression involved in the renin-angiotensin-aldosterone
ystem activation, but blockade by angiotensin type II recep-
or inhibitors incompletely stopped the remodelling [6,2].
nly aortic valve replacement, a technique that fully relief
he stenosis, is essential to prevent or stop the deleteri-
us remodelling. Aortic valve replacement operates through
wo types of response on LV reverse remodelling. There is an
mmediate load-dependent response and a delayed response
f weeks or months upon neurohormonal deactivation. This
arly improvement of LV function related to stenosis relief
as been reported in the literature after aortic valvulo-
lasty. Berland et al. reported an EF increase within the
rst 24 hours of the aortic valvuloplasty [11]. This beneﬁt
s related to the Frank-Starling relationship. Ejection frac-
ion improvement is independent to baseline EF. Results
bserved after implantation of a transcutaneous aortic valve
s
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tF. Bauer et al.
re similar to aortic valvuloplasty, while there have been no
omparative studies. Bauer et al. reported their ﬁrst expe-
ience of tissue Doppler interrogation after transcutaneous
ortic valve implantation and found enhancement of sys-
olic radial velocities and strain more pronounced in the
osterior wall [16]. We can assume that improvement after
mplantation of a transcutaneous valve should be better than
alvuloplasty because aortic valve area is near 1.7 cm2 ver-
us 0.9 cm2, respectively with no variability among patients
5,11]. The lack of publication within 24 hours after surgi-
al aortic valve replacement is due to the fact that EF is
ot reasonably interpretable after myocardial protection,
xtracorporeal circulation, positive inotropic drugs admin-
stration, variations in preload or even the bi-ventricular
nterdependence under assisted ventilation, apt to exces-
ive variability. Moreover, the presence of a paradoxical
eptum contributes to the difﬁculties in measuring the
erioperative EF. Nevertheless, Sutton et al. reported a peri-
perative fall in the systolic circumferential and meridional
all stress related to a decrease in afterload [12].
Regression of LV hypertrophy starts from seven day post-
perative while EF continues to improve [13]. At long-term
ollow-up, the beneﬁt of the stenosis relief is observed on
F, volumes and hypertrophy [14]. It is related both to the
enin-angiotensin-aldosterone and adrenergic system deac-
ivation. On the histological level, reverse remodelling is
uch slower. For Krayenbuehl et al., regression of cardiomy-
cytes hypertrophy and decline of myocardial ﬁbrosis is only
etectable 70months after the surgical procedure [15].
issue Doppler imaging and early left
entricular remodelling after transcutaneous
ortic valve replacement
ranscutaneous aortic valve replacement leads to immedi-
te and persistent decrease in transaortic pressure gradient
hat improves global and segmental LV function. The exis-
ence of coronary artery disease has certainly inﬂuenced the
elocities analysis, but this was signiﬁcantly attenuated by
ny systematic coronary revascularization before implanta-
ion and the patient was his own witness.
Peak systolic velocities are improved in all segments
xplored except in LV anterior wall short-axis view and
nferior wall apical two-chamber view. These results are
onsistent with those reported in the literature. In a pre-
iminary study, Bauer et al. showed early improvement in
adial velocity and strain after transcutaneous aortic valve
mplantation [16]. The lack of improvement in peak veloc-
ties within anterior wall may be explained by the poor
esolution of tissue Doppler imaging in the near ﬁeld or
he limited velocities in this region of interest. The lack of
mprovement in peak velocities within the inferior wall may
e explained by the predominant effect of the Frank-Starling
elationship on radial rather that longitudinal function, by
n irreversible process, by a methodological problem or the
imited number of patients in the present study.Peak diastolic velocities are variably affected by tran-
cutaneous aortic valve implantation. Despite a global
endency to increase in all segments, peak early dias-
olic are signiﬁcantly increased in the septal wall from
he four-chamber view. Those are unexpected results since
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diastolic early function is linked to systolic function due
to the coexisting contraction-relaxation coupling mecha-
nism [17]. However aortic stenosis is a particular model
in which diastolic function paradoxically normalises long
after systolic function. In his follow-up study on patients
after aortic valve replacement, Villari et al. found that
LV relaxation and LV stiffness normalised at 22-month and
81-month follow-up, respectively [18]. In another study,
they concluded that persistent postoperative hypertrophy
maintains LV relaxation abnormalities, creates LV diastolic
dysynchrony that promotes functional disorders [19]. Our
results are consistent with these ﬁndings and a longer
follow-up should demonstrate normalization of diastolic
function.
Strain is more speciﬁc to contraction than velocity. In
the present study, there was improvement both in strain
rate imaging and strain 24 hours after implantation of the
transcutaneous valve [20,21]. Again, this is related to
the instantaneous drop in LV afterload which enhances LV
function through the Frank-Starling relationship. Similar
observations were reported in rat model of aortic band-
ing. The instantaneous banding relief was accompanied by
an improvement in regional LV contractility [22]. However,
aortic debanding after 2months led to a full recovery of con-
tractility, whereas contractility remained decreased when
debanding was performed after 9months, due to exces-
sive ﬁbrosis [22]. The unexpected results observed on the
anterior wall both in short-axis and apical two-chamber
views were methodological. Although useful, the measure-
ment of myocardial velocities does not necessarily reﬂect
the regional function. Many pathophysiological situations
are characterized by passive displacement detectable in
tissue Doppler, i.e. MI. Reﬂecting the velocity gradient
between two points, both strain and strain rate imag-
ing are surrogate for myocardial contraction. Thus, in
our work, the deformation increase after valve implan-
tation demonstrates that systolic velocity enhancement
is attributable to the Frank-Starling relationship. Without
strain analysis, the velocity changes might be attributable
to translational motion twisting of the myocardium. In the
absence of diastolic strain analysis, it is difﬁcult to under-
stand the mechanism that leads to higher early-diastolic
velocities but we can assume a similar effect due the
natural link between contraction and relaxation known as
the contraction/relaxation coupling. Regarding the late-
diastolic velocity, improvement is certainly attributed to
better atrial contraction in response to the decrease in ven-
tricular preload, as indirectly suggested by E/A decrease in
the present work.
Limitations
The ﬁrst limitation of this study is the short-term follow-up.
Mild- and long-term follow-up should specify the magnitude
of reverse remodelling independent to afterload correction.
Nevertheless, it should be reminded that, to the best of our
knowledge, this is the ﬁrst study demonstrating the recovery
of LV global and segmental contractile function immediately
after stenosis relief that is not affected by the surgical peri-
operative environment.
Another limitation is the limited number of patients and
the absence of controls. However, this is a new technique
[aortic valve 317
n which the rate of inclusion directly meets with a strict
ontrol. This pitfall will gradually be overcome.
onclusion
t 24-hour postoperative, implantation of a transcutaneous
ortic valve in patient with aortic stenosis improved both
lobal and regional systolic and diastolic function which in
elation to the Frank-Starling relationship. This immediate
eneﬁt should contribute to improve myocardial perfor-
ance irrespective of EF and patient condition.
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